Selective antibacterial peptides containing less than 30 amino acid residues, cationic, with amphipathic properties, have been the subject of several studies due to their active participation and beneficial effects in strengthening the immune system of all living organisms. This manuscript reports the results of a comparison between the group of selective antibacterial peptides and another group called "cell penetrating peptides". An important number of the selective antibacterial peptides are cell penetrating peptides, suggesting that their toxicity is related to their uptake mechanism. The verification of this observation also includes the adaptation of a method previously published, called Polarity index, which reproduces and confirms the action of this new set of peptides. The efficiency of this method was verified based on four different databases, yielding a high score. The verification was based exclusively on the peptides already reported in the databases which have been experimentally verified.
INTRODUCTION
Selective cationic amphipathic antibacterial peptides (SCAAP) (Del Rio et al., 2001; Juretić et al., 2009 ) feature very high toxicity towards bacteria and a minimal toxicity towards mammalian cells. Although so far the reason for this selective toxicity is not known, it makes them potentially important for the production of drugs for the pharmaceutical industry. SCAAP were initially isolated in living organisms and then tested experimentally in laboratory, but after a few decades the number of SCAAP was reduced exponentially; therefore, new bioinformatics tools had to be used to build them synthetically. This work uses the 30 SCAAP reported by Del Rio et al. (Del Rio et al., 2001) that recently this research group was able to identify through a method called Polarity index (Polanco et al., 2012; Polanco et al., 2013) , showing a high discriminative efficiency measuring a single physicochemical property, polarity (or electronegativity), which informs of the electromagnetic balance of the peptide.
Parallel to these works, several research groups have studied some peptides called Cell Penetrating Peptides (CPP) characterized by being short, between 10 and 30 amino acids in length, and penetrating the cell membrane without displaying any specificity (Gautam et al., 2012) , which makes them excellent candidates for Trojan peptides (Derossi et al., 1998) . Trojan peptides are a union of two or more peptides with different characteristics that together make a peptide with certain desirable features; they are usually used as internment peptides in pathogenic organisms.
In recent years, with the complete information provided by the CPPsite database (Gautam et al., 2012) , the study of CPP was encouraged making it possible to compare them with other peptide groups and increase the understanding of these fundamental functional units. This work derived from the compilation of this information, since it allowed us to study the relationship between CPP and SCAAP, finding that the CPP with non-endocytic pathway uptake mechanism exhibit a high correlation with SCAAP, particularly with the SCAAP set from Del Río et al. (Del Rio et al. 2001) . This led us to define the group studied here as SCAAP-CPP, whose first property is to belong to both groups.
According to the definition of the SCAAP-CPP set, this work was mainly aimed to find the correlation in the sequences of both groups and to analyze the pattern found in their polarity matrix (Polanco et al., 2013) with the Polarity index method (Polanco et al., 2012) . The method testing to identify SCAAP-CPP was exhaustive, as four databases were inspected: APD2 (Wang & Wang, 2009) , CPPsite (Gautam et al., 2012) , AVPpred (Thakur et al., 2012) and Uniprot (Magrane & Uniprot, 2011) , finding that the efficiency of the SCAAP-CPP identification is remarkably high.
MATERIALS AND METHODS
Polarity index method description. Polarity index method is a supervised type mathematical algorithm (Jones & Sivaloganathan, 2011) , that carries out an extensive analysis of the physico-chemical property polarity; although there are multiple algorithms evaluating this property on its own or in combination with other properties, this particular algorithm expresses polarity using a fourth order square matrix (16 items representing the four polar groups with 16 possible polar interactions P +, P-, N, NP), allowing observation of all possible polar interactions that can be extracted from the peptide linear sequence, reading it from left to right by pairs. (Polanco et al., 2012, Table 1 ). The matrix is created when reading the latter as indicated and the incidences are counted as shown in Table 2 . This method differs from others by considering 16 metrics that make the information more extensive.
As the method has been already published (Polanco et al., 2012) , we will only point out the changes required to identify SCAAP-CPP (see Supplementary Material section). In this case the test plan was focused on two aspects: (a) to verify the SCAAP and CPP matches located in the databases and (b) to particularly identify the SCAAP-CPP using Polarity index method.
Polarity index method updates. Modifications to the source program. The Q[i,j] matrix in the source program (Polanco et al., 2012) was substituted with Table 2, which is the entire peptide set of cell penetrating sequences with unique pathogenic action. Once Q[i,j] polarity matrix was finished, it was normalized to one. Under this rule we considered the cell penetrating peptides non-endocytic pathway type, taken from the CPPsite database (Gautam et al., 2012) . It is important to emphasize that we did not use the SCAAP group, or the union of SCAAP and CPP groups.
The rule in the source program (Polanco et al., 2012) was substituted with the P[i,j] + Q[i,j] vector complying with the next rule: polar interaction 11 is present in the 7 th position (Table 3) .
APD2 database data preparation. From all 3636 peptides in APD2 database studied and classified we found the following with multiple action on: 149 Gram-ONLY, 1711 Gram+/Gram-ONLY, 315 Gram+ONLY, 141 cancer cells, 9 sperms, 88 HIV, 744 fungi, 21 insects, 244 mammalian cells, 47 parasites, 3 protists, 39 chemotaxis, 0 SCAAP, 125 virus; and 1059 peptides with single action on: 111 Gram-ONLY, 213 Gram+ONLY, 518 Gram+/Gram-ONLY, 20 cancer cells, 0 HIV, 88 fungi, 35 H1N1, 2 insects, 11 mammalian cells, 9 parasites, 1 protists, 0 chemotaxis, 30 SCAAP, 0 sperms and 21 virus. Multiple action peptide refers to action against several pathogens whereas single action peptide refers to action against one pathogen agent.
AVPpred database data preparation. 60 antiviral peptides were studied from the AVPpred database (Thakur et al., 2012) .
CPPsite database data preparation. 520 cell penetrating peptides were classified from CPPsite database (Gautam et al., 2012) by their uptake mechanism as follows: 93 non-endocytic pathway, 22 endocytic pathway, and 405 of unknown pathway. Those peptides with different penetration mechanism included in CPPsite database were not considered.
SCAAP data preparation. The 30 SCAAP studied by Del Rio et al. were used (Del Rio et al., 2001 , Table 2 and Table 2A) .
Uniprot database data preparation. 60 antiviral peptides were extracted from Uniprot Database (Magrane & Uniprot, 2011).
RESULTS
Polarity index method is an algorithm that determines the probable SCAAP-CPP non-endocytic pathway candidates, by using their polarity sequence. We applied the method to get the set of 30 SCAAP from the four databases mentioned, with the following results:
(i) Polarity index method excluded 2 peptides from the 30 SCAAP candidates from Del Rio et al. (Del Rio et al., 2001) (Table 4 , entries #9 and 21 with symbol ), these peptides have very different TI but the same sequence, it showed (11/13) 55% efficiency detecting SCAAP-CPP (Table 5) .
(ii) It also excluded the 13 sub-classifications in APD2 (Table 5 , columns: Gram+ONLY, Gram-ONLY, Gram+/Gram-, fungi, protists, parasites, insects, cancer cells, mammalian cells, virus, SCAAP, and chemotaxis, in blue), the classification in AVPprep (Table 5 , in green), the sub-classification in Uniprot (Table 5 , in red), and three sub-classifications in CPPsite (Table 5 , in black).
(iii) Polarity index method also identified three SCAAP-CPP peptides (Table 4 , entries #2, 4, and 5), whose experimental attributes are SCAAP and CPP simultaneously. Note that those SCAAP were not located in the CPP database.
DISCUSSION
The increasing number of pathogens resistant to multiple drugs that have been registered in the last 20 years (Rana, 2011) , and the decrease in the number of effective antibacterial drugs, indicate that by the end of this decade there will be few antimicrobial drugs available for human population. There are no "magic bullets"; in fact, the possibility of losing the current antibacterial arsenal is more likely every day unless we reverse this trend. Bearing in mind that 67% of natural origin antibiotics (Donadio et al., 2010) in clinical development are researched in small pharmaceutical companies with limited budgets, and as the major pharmaceutical companies focus their efforts on developing new antibacterial agents, we gather that only with a multidisciplinary strategy with novel bioinformatics algorithms acting as "first filter" in experimental tests, we will be able to face this real threat. The SCAAP-CPP is an antibacterial group with potential for the de- (Gautam et al., 2012) .
velopment of new drugs due to their cellular penetration. The use of CPP as peptide vectors for delivering therapeutic agents without side effects has been demonstrated (Chugh & Eudes, 2008 ) and according to our results, the matching SCAAP with the same properties that CPP are very high. Polarity index method (Polanco et al., 2012) was initially used in the detection of SCAAP but a variation on the method (Polanco et al., 2013) showed a positive identification of SCAAP-CPP with a high level of reliability (85%), as this group of peptides has proven affinity for bacterial membrane.
Polarity index method exhibits four important characteristics: (i) it uses a single physicochemical property: polarity, which is an effective SCAAP-CPP discriminator, (ii) it only uses the peptide linear sequence to identify the main pathogenic action, (iii) it determines a comprehensive profile of the peptide polar dynamics, as it considers 16 possible polar interactions and (iv) the polarity matrix is differentially weighted, thereby strengthening the SCAAP profile and minimizing false positives. The versatility of the method allows minimal changes to achieve the identification of other pathogenic groups. Terry et al., 1998) Matching sequences in both SCAAP (del Rio et al., 2001) and CPP (Gautam et al., 2012) found in APD2 (Wang & Wang, 2009) Table 2A ).
Our team has already used this method to produce an analytical classification of the APD2 database, with high efficiency results (unpublished data), indicating its potential to identify the role of a peptide. Our group is currently working on four lines of development using this method: (i) to trace massive databases of antimicrobial peptides developing parallel versions of the source program in MPI-CUDA-F77 and MPI-CU-DA-C, to be used in a computer with 4 Xeon processors in shared memory, which includes a GPU-KeplerNvidia cluster in GNU Linux environment, (ii) to design a new expression of the method rules to enable other researchers to generate their own rules and thus achieve the identification of other peptide groups, (iii) to develop a JAVA-version of the method source code and (iv) the synthesis and experimental verification of the three SCAAP-CPP candidates identified by the method ( Table  5 , entries: 2, 4 And 5).
CONCLUSIONS
In the SCAAP-CPP peptide group analytically identified here, toxicity correlates with the internment mechanism that penetrates the pathogen membrane, showing the relevance of crosschecking information in specialized databases at a regular basis, and to identify by other factors the peptides that are already known. Due to its high discriminative efficiency and low demand of computational resources, Polarity index method can be used as a first filter in peptide selection, reducing experimental trials in laboratory and making the procedure more practical. It can also be applied in the field of Proteomics to exhaustively analyze large groups of fixed length peptides, improving the understanding of how peptides are built in nature.
Availability
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Matches found by Polarity Index method in both unique and multiple action peptide groups. Unique action: Peptides with pathogenic action against only one group. Multiple action: Peptides with pathogenic action against two or more groups. (%): Percentage hits/total peptides. Database: Name of database tested: APD2 (Wang & Wang, 2009) . CPPsite (Gautam et al., 2012) . AVPpred (Thakur et al., 2012) . SCAAP set studied by Del Rio et al. ( del Rio et al., 2001) . Uniprot (Magrane & Uniprot, 2011) . Polarity index SCAAP: Total SCAAP identified by polarity index method. Polarity index SCAAP-CPP: Total SCAAP-CPP identified by polarity index method.
